One of the most carcinogenic and toxic pollutants is p-Nitro Cresol. In this study, the degradation and mineralization of p-Nitro Cresol in aqueous solution were investigated by Fenton process in a batch reactor.
Pollution of water in the environment by toxic organic pollutants such as pesticides has become a global distress for water quality and as a basis of serious hazards for humans and animals. The Cresols denote groups of chemical phenolic compounds used widely in resin industrialized, herbicide such as dinitro-ocresol, pharmaceuticals and surfactants. Wastewater from these industries along with petrochemicals hold a high concentration of Cresol derivatives. These pollutants retain an important hazard to the environment, as they are poisonous and recalcitrant in nature (1) . p-Nitro Cresol is a phenolic compound, wildly employed in the petrochemical, chemical and pharmaceutical businesses. It has been also listed as one of the important pollutants by the US-EPA (2) . There are three classical methods for the treatment of wastewater such as physical, chemical and biological methods. The classical systems have great operational costs, secondary pollution and a longer reaction time, so, using new methods without these problems are desirable. Advanced oxidation processes (AOPs) have been explored as successful approaches to treat environmental pollutants in water (3) (4) . Among these processes, Fenton treatment has been broadly used to degrade environmental pollutants (5), particularly in wastewater. Different AOPs have been applied for the degradation of aromatic pollutants in aqueous phase. For instance, heterogeneous photo catalysis, Sonocatalysis, Ozonation (6-9), UV/H 2 O 2 (10), Fenton and photo-Fenton processes (11) (12) have been employed. The Fenton method is a good choice because it needs slight energy and low cost of chemicals (13) . The Fenton technique generates hydroxyl radicals (OH•) proficiently based on the reaction between Fe (II) and H 2 O 2 (Eqs.1, 2). 18 . The Isocratic method was used with a solvent mixture of 30% deionized water and 70% of methanol with a flow rate of 1 ml. min-1.
General procedure
In each test, about 1000 ml of synthesized wastewater holding p-Nitro Cresol was used. Altered concentrations of Fe 2+ , H 2 O 2 and pH were used for optimization in Fenton process. An aqueous solution containing 10% of sodium sulphite was used to quench the reactions. The samples were taken and calculated by UV/Vis spectrophotometer and confirmed by high performance liquid chromatography (HPLC). The COD was measured based on standard methods (15) . The removal percent for the pNitro Cresol and COD were achieved as in Eqs. (3) and (4):
Where (C) 0 and (COD) 0 are the concentration of p-Nitro Cresol and amount of COD at the start of the treatment and (C) and (COD) are the concentration of p-Nitro Cresol and amount of COD at time t, in that order.
Materials & Methods
Results The experimental design method was used and the percentage of the degradation of the p-Nitro Cresol was selected as responses to consider the optimum conditions. The BBD was employed with three independent variables involving the concentration of Ferrous ion (CF), hydrogen peroxide (CHP) and pH. The input variables and their levels in the experiment were presented in Table 1 . In all runs, the time of reaction was 45 min.
Table1)The range and levels of the variables. 
Where b 0 is a constant, ε is the residual term, b ij is the linear interaction effect between the input variables, x i and x j (i=1,2 and 3; j=1,2 and 3), b i is the slope of the variable, b ii is the second order of input variable (x i ). The ANOVA was employed to explore the significance of each term in the polynomial equation (17) . The MINITAB 17 was used to determine the coefficients of Eq. (5) with RSM. The experimental design involved 15 tests and the natural values of these factors for the removal of p-Nitro Cresol are presented in Table 2 . 
Central composite design model
The objective of this section was to determine the optimum condition for maximum removal of p-Nitro cresol in Fenton process. The stages of CCD were studied by many investigators (18) (19) . The 3-factors CCD matrix and experimental results achieved by the removal of the p-Nitro Cresol is presented in Table 2 .
The correctness of the model are illustrated in Fig. 1 , which compares the experimental values against the predicted responses of the model for the degradation of p-Nitro Cresol. These results were exposed a good agreement between predicted and experimental values. It was observed that the predicted response from the model is in agreement with the experimental values. 
ANOVA tests for the removal of p-Nitro Cresol by Fenton process
In this study, by BBD and RSM, the effects of three independent variables on the response function were studied to obtain the optimal conditions. The mathematical relation between the response and three important variables can be appraised by a quadratic polynomial equation (20) . The equation for the removal of the p-Nitro Cresol is presented in the following equation (Eqs. 6): Removal of p−NitroCresol(%) 164.8 125. 4 13.60 56.9
All of the obtained results from BBD, the observed values and predicted response values with residuals for all runs are presented in Table 3 . Different dosages of Fe 2+ (from 0.3 to 0.9 mM) were used to reach its optimum concentration. As it can be seen from Fig. 2 , the removal efficiency of p-Nitro Cresol was improved by an increase in the dosage of Ferrous ion based on the following equations (Eqs. 7, 8) . 
Effect of initial concentration of hydrogen peroxide
The removal of p-Nitro Cresol was increased by an increase in the concentration of H 2 O 2 from 8 to 16 mM, because more OH• radicals were produced. But, by increasing in the dosages from 16 to 24 mM, the progress was not significant or even it was dropping. The hydrogen peroxide acts as free-radical scavenger at high concentrations, so, the degradation of p-Nitro Cresol was not significant (21) . Besides, the auto decomposition of H 2 O 2 to oxygen and water and the reaction of H 2 O 2 with hydroxyl radicals instead of pollutant molecules was happened (22) . The optimal amounts of H 2 O 2 proposed by Model was 19.8 mM for the removal of p-Nitro Cresol. Thus, H 2 O 2 should be added at an optimum dosage. However, all of the added hydrogen peroxide was not consumed. The model terms with a probability value larger than 0.05 was not significant. It was clear that the effect of 2-way interactions between variables was not important (23) . The significance of the coefficients was presented in Table 3 In this study the Box-Behnken design of the experiment and RSM were employed for the removal of p-Nitro Cresol in aqueous environment by Fenton process. 
